Neuroblastoma and ganglioneuroma are among the most common neopl asms of infancy and early childhood , exceeded only in freq uency by Wilm s tumor of the kidney . Staging serves to identify tumor subgroups and clinical prognosi s. Several factors indicate a favo rable prognosis including : onset of th e tumor before 1 year of age [1] [2] [3] [4] [5] [6] [7] , tumors arising from the chest or posterior mediastinum [8] [9] [10] [11] , or a paravertebral location with extradural exte nsion into th e spi nal canal [1-3 , 12-15] . Ganglioneuroblastoma and benign ganglioneuroma have a more favorable prognosis. Spontaneous regression from the more malign ant to th e more benign forms may occur [7] .
Our purpose was to develop an imaging protocol in which CT played a ce ntral role in determining the location and overall geography of the tum or. A retrospective study of the accuracy of CT in demonstrating th e size, location, calci fi cation, composition , and contiguous and metastati c spread of th e tumor as well as intraspinal extension provid es th e basis for this repo rt of its effectiveness.
Materials and Methods
From th e medical records of th e Hospital for Sick Children, Toronto, Th e Tum or Reg istry , and th e computer retri eval system of th e Di vision of Special Procedures, we fou nd 77 patients with either neuroblastoma or ganglioneurom a between 1976 and 1980. All tum ors were hi stologi ca ll y verified in our Department of Pathology.
Body CT and metrizamid e mye lography were first used together at the Hospital for Sic k Children in 1976. Initiall y, the Ohio Nuclear Delta-50 , and later the General El ectric 8800 CT-T scanners were used. One or more CT scans , including either th e chest and abdomen or cran ium , were ob tain ed in 58 of th e 77 patients and CT metrizamide myelog rams in 18. Thirty-two were boys and 26 were girls. Seven patients had ganglioneuromas first presenting at a mean age of 7 years (range, 4-14 .5 years). Fift y-one pati ents had neuroblastomas wit h a mean age of onset of 2.7 years (range , 1 day to 16 years). Of th e 11 patients with intraspinal extension of th e tumor, on ly six had neurolog ic symptoms suggestin g involvement of the spinal cord or lu mbar nerve roots. Th e c li nical findin gs includ ed pain , scoli osis, paraparesis , or paraplegia.
Pl ain rad iog raphy, exc retory urography , conventional tomog raphy , radionudid e imag in g , ARM STRONG ET AL. A sonography , and angiography were th e oth er meth ods used in localization. Radionuclide bone scintigraph y helped locali ze bone metastases .
All radiog raphic and scintigraphic film s obtain ed were restudied by at least two radio logists. In th e few in stances where th e orig in al film reports differed from surgical or patholog ic reports , new interpretation of the studies by an unbiased observer was made.
Results

Computed Tomography
Calcification . Standard radiography demonstrated calcification in 10% of chest lesions and 25 % of abdominal lesions. Incidences of less than 5% of chest lesions and about 25 % of abdominal lesions were previously reported [2 , 6 , 9, 10, 15-16] . CT demonstrated calcification in 25 % of the 18 chest lesions and 43 % of the 39 abdominal lesions in our patients; calcification was seen by CT in 40 % of the neuroblastomas and 20% of the ganglioneuromas. Cal c ification of the intraspinal component of neuroblastoma was seen in only one case.
The CT pattern of calcification more often appeared as amorphous (cloud like) calcification ( fig . 1 A) and less commonly, discrete punctate calcifications ( fig . 1 B) or rim calcifications ( fig . 1 C) .
Skull and Orbits. Recent reports [17 -22] , show the usefu lness of cran ial computed tomography in the evaluation of metastatic neuroblastoma to the sku ll and orbits . Three of our patients had cranial CT because of proptosis, orbital swelling, ecchymosis, and / or a soft-tissue mass over the cranium . CT showed extradural involvement and the intrao rbital mass of the metastatic neuroblastoma (figs . 2A and 2B). Special CT reconstruction for bone (General El ectri c Review Program) enhanced the display of bone metastases ( fig . 2C ).
Neck . Neuroblastoma or ganglioneuroma uncommonly presents as a mass in the neck . In two patients, a chest radiograph revealed a larg er posterior mediastinal mass with B Fig. 4 .-True coronal CT sca n. Left paravertebral calc ified mass ( white arrow ) just be low diaph rag m was prim ary abdom inal neuroblastoma. In fe ri or to this is contrast-filled small bowel and th ere is also contrast-fill ed small bowe l (bla ck arrow) in pelvis. Thi s projection makes determi nation of rad iation port possible.
exte nsion into the neck. CT demonstrated displacement of the carotid artery in one case and extension into th e extradural space throug h the neural foramen in a second case ( fig . 3) .
Ch est. Tumor involved the chest in 18 patients scanned with CT . Primary tumor , co ntiguou s spread from an abdominal primary , and, in the case of th e neurobl astom a, metas-ARMSTRONG ET AL. 1982 tases along the paravertebral sympathetic chain can all occ ur in the chest. Rarely , parenchymal and subpleural nodu les or pericardial metastases have occurred.
Abdomen. Thirty-three neuroblastomas and six gang lioneuromas were abdominal. Twenty-nine of these were paravertebral and 10 were adrenal. Sagittal and coronal 
M etriza mide Myelography, Intraspinal Tumor Ex tension, and CT M etrizamide Myelography
With the avai lability of metrizamide , the advent of body computed tomography , and computer software capable of inc reasing bone resolution , CT metrizamid e myelography has become exceptionally useful in evaluating intraspinal and paraspinal neoplasms in infants and ch il dren [24] . Early in the experience with metrizamide, both conventional myelography using water-soluble contrast material and CT scanning after the conventional examination were performed . This has been referred to as secondary or postmyelogram CT metrizamide myelography. In cases with specific c lini cal indications , a primary CT metrizamide myelography procedure for evaluating the presence of intraspinal extens ion of the tumor has been developed . A small er volume and more dilute co ncentration (170 mg / dl metrizamide) has been used and better definition of the subarachnoid space, cord, caud a equ ina, and nerve roots has been obtained with fewer side-effects.
The use of metrizamide myelography and CT metrizamide myelography is summarized in table 1. Intraspinal extension of the tumor was found in 11 of the 77 patients. Two of the 10 ganglioneuromas and nine of the 67 neuroblastomas showed intraspinal invo lvement. In patients having CT scans, 11 of the 58 had intraspinal tumor extension. Four of 18 chest tumors and seven of 39 abdominal tumors had intraspi nal extension. Abdominal tumors localized to the adrenal had no intraspinal extension .
Nine neuroblastoma patients with intraspinal tumor extension presented at a mean age of 19 months . Five of the nin e had neurologic symptoms suggesting cord involvement at the time of in iti al diagnosis. An 8-year-old died of widespread metastatic disease includ ing metastases to the spinal canal. The surviving younger pati ents (mean, 9 months; Fi g. 6.-Th oracoabdom in al neurobl astoma. Con us marked ly disp laced to left (arrow) in dicating intraspinal tumor extension . range, 1-24 months) had direct spread of the primary tumor. Follow-up of 1.5-3. 0 years (mean , 2.5 years) had indicated that on ly two have mild residual neurologic deficits. Previous reports [1-3 , 13-15] indicate that this presentation of the disease is associated with a relatively favorable prognosis. Most patients with intraspinal extension of neuroblastoma were younger than 1 year, and it is known that the prognosis of neuroblastoma occurring in infancy is better than in later chi ldhood.
In the two intraspinal ganglioneuromas, the mean age at the time of diagnosis was 6.75 years. One patient with an intraspinal ganglioneuroma had later morbidity associated with a severe scoliosis.
Intraspinal extens ion was demonstrated as a complete block by conventional myelography ( fig . 5) in three patients or, on CT, as gross displacement of the cord, surrounded by metrizamide in the subarachnoid space ( fig . 6 ), flattening of one side of the dural sac ( fig . 3A) , paravertebral tumor extending extradurally and displacing the cord ( fig. 7) , and widening of an intravertebral foramen ( fig . 3A) .
Discussion
CT imaging can define the location, extension , calcification , and composition of the tumors . After evaluating the various imaging methods, we have concluded that it is important to select those methods that yield the max imum inform ation to answer the clinical problem presented. CT, sonography, plain radiography , radionuclide scintigraphy, and ang iography are all of value in tumor localization. CT , however, provides better spatial representation of the pathologic process.
Myelography and CT metrizamide myelography are the only methods available to determine intraspinal tumor extension. Distant metastases to bone, brain, lungs, or abdominal viscera are evaluated best with CT, plain radiography, and radionuclide scintigraphy . Careful exam ination of the vertebral bodies, foramina, and pedicles at the time of CT body scanning can show tumor invo lvement of the sp ine ( fig . 7) . The cystic, necrotic or avascular, or hypervascular characteristics of the tumor are best im aged with CT with vascular enhancement, sonography, or angiography. CT is the most sensitive method of detecting tumor calc ification but cannot predict benignity. Sonographic acoustic shadowing or highlevel echoes may occur when tumor calcification is present, but sonography is less sensitive than CT for calcification .
With modern CT scan ners, a scout view or digital radiograph can be obtained after intravenous enhancement and can show opacification of the kidneys, ureters, and bladder, elimin ating the need for a conventional excretory urogram .
Sagittal and coronal reconstruction or direct coronal CT [23] can be used to determine radiation therapy portal s, and CT can also be used to follow the effect of treatment on th e mass. However, sonography may be all that is necessary in routine cases .
We suggest an imaging protocol, a combination of CT and CT metrizamide myelography, after the tumor is first identified by plain radiography or sonography. If the tumor is paraspinal, CT metrizamide myelograp hy should be the next step. A lum bar puncture is performed, a small amount (2-5 ml) of low concentration (170 mg / dl) metrizamide is injected into th e lumbar subarachnoid space, and the patient is taken im mediately to the CT scanner. M asses that are primarily adrenal, or are located far anteriorly , are unlikely to have intraspinal extension . After localization by sonography, patients with these should initially have only a CT body scan before and after admin istration of contrast material.
CT examin ation after intrathecal and intravenous enhanceme nt used as a primary diagnosti c tool can demonstrate contiguous spread, displaceme nt of visceral organs and gen itourinary tract , and evid ence of intraspinal tumor exten sion extremely accu rate ly. Th e tum or can be staged, and if radiation th erapy is planned, the radiation portal can be determined from the ax ial scan, coronal reconstruction, or direct coronal CT scan . A sonogram, if not previously used in the investigation , should th en be obtain ed as a baseline for follow-up of response of the tumor to therapy .
